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TITLE OF THE INVENTION 

FIBSR AKBAY, AND WAVEGUIDE DEVICE 
BACKGROUND OF THE INVENTIOM 

Field of the Invention 

The present iriventicin relates ro a fiiip.r ;^rrfly no be 
coupled for use to an optical t^leiiitiiiL PcirLicularly, it relates 
to a fiber array, in which bare fibers, as unjacket, of a 
ribbon-shaped optical fiber multi-core line are arrayed in the 
V-groov$s of a V-shaped snhstrat-.R, and a waveguide device having 
the fiber array sealed therein, 

Def?arlpr.ion of the RelaL^dd AlI 

Ao a roflulfc that a higher density was demanded because 
of an increase In uhctjLyeH for communi cat ions, there have been 
disclosed techniques on the fiber arrays o± a normal pitch Cype, 
in whiuh d plurality of optical fibers are jointed and formed 
Into a ribbon shape, h'urtliear , th^re^ have been also disclosed 
techniques on the fiber arrays of a half pitch type, in which 
two Tihhnn-f^haped optical fiber multi-core lines 1 and 2 of 

the normcii pitch •bypc arc laid orx© over the other r and in which 

nnjacket bare fibers are dlLt^ j^uciL^ly cLi.£c±xiy in Lhe V-grooves 
of a V-ehaped substrate thereby to realize the high otensity. 

lu Lha^y Licfuhniques , it couldbe said that a loss o£ optical 
signals is liable to increase in the ribbon-shaped opri 1 fi bp.r 



multi-core lines arrayed in the V-grooves ot the fiber array, 
strictly at their outer ports. As the case may be, that the 
bare fibers positioned on 1-hP. oiitfir aiders may be broken. For 
a lirbL one of these causes^ the pitch of the ribbon-shaped 
optical fiber jn-ulti-core lines is standardized to 250 jC/m, bur 
is ftnlarged to abuuL 100 j«m for the eight cores of an 8 core 
ribbon or to about 200 um tor a 24-core ribbon by fhf> f^rrnrs 
at the jacket forming time- The magnitude of displacement ot 
rhe pitch of rhe bare fibery, uiijctcket, fi:oTn the pitch of 
the V-grooves is enlarged especially at the bare tibers housed 
In the V-grnoves on the outermost sides. Therefore, a hiqfh 
bending force is applied to th^ jacket portions and further 
r.o rhe V-gryovy:^- As d result, when the fibers are adhered 
and fixed in this state as the f ih^r ;^rray and are placed under 
a seriously changing temperature environment, the fibers are 
subjected ar their h>Rnt. porr.i ons to a severe bLrtsbb* UUert^by 
to cause an increase in the looo of the optical signals or to 
breaJQ the fibers . 

Secondly, the pitch o£ the unjacket bare fibers is 
displacf^d with TRFipp.r.t to the pitch of the V'-grooves, so that 

eopooiallythc bare fibojce house^d in. th^ outermost side V— grooves 

are largely dlsppla^j^d. Therefore, in the assembling work to 
house th® cpticai ixbers in the V*«groove9 nt thp fitif^.r array, 
LliJcj bare fibers may be brought to abut against the cndo of the 
V-grooves to cause tiaws in the outer ri rr.utnf erences of the 



optical fibers. Then, although no problem arises iust atter 
t.h^. assembly, the V-groove end portions cause the increase in 
the loss of the optical signals and the breaV^gp. af the optical 
fibers dCLei. a long, period of use- Especially in the caeo of 
the fiber array in whicln. the pj.tc.h nf t.he V-grooves is as siaall 
Pifi 121 um for the hiyli density, the V-qrooves are shallowed 
by the relation between thp rii ^met.ftr and r_he pitch of the libtiry 
to be mounted and have a narrow opening. Theref ora^ the problem 
Char rhe JDare fibers to he liouyed abuL <2iydlnst the groove ends 
of the V-grooves is liable to become serious- 

Thirdly, in order to remove the jackets of the 
ribbon-shaped optical fibers, a dedicated appar^^tiis -i .-^ n.<jp.d 
to appl^ bldUfcis vertically to the jacket portions of the optical 
fibers to peal o±t the jackets from the upper anri 1 nwpr porni cna 
ul Lhfcj optical fibers. If the upper and louor blade edges of 
the apparatus are IncTiriRd alMiniigh should be In parallel, ox 
if the unjacketing actions are made with the optical fiber being 
placed not i.n p^r?)!!?^! wirh r.he upper and lower bldUy tidy^^y, 
the blade edge may contact with one optical fiber on the outer 
side. As a rpsnlt, flaw53 in the outer circumference of the 

optical fiber arc often educed, and thuo the -un jacketing staact 
portion causes Lhe lucxwatie in the loss of the optical signals 
and th© breakage ot the optical tij^e^r. 

Fourthly, moreover, the fibers on the outer ijidos arc 
the more twisted with rp.qpprt to thft rnrslon, as cautsed Lht5 



fiber array assembling time and fixed, in a direction 9z for 
sm optical 5^ in a Z-di rection, so that they are always subject 
to a high load. Fifthly^ the entire ribbon is liable to slide 
1 n the. widr.hwise direction LhciL cl stress is applied to the 
bare fibers positionQd on the outer sides . Thes:e fourth anri 
firth Uau^tfir dre also liable to invite the increase in the loao 
of the optical signais and the breakage of tbR npl-1r.al fibers. 

In the case of the fiber array of the half pitch typo, 
moreover, the i^are tibers, which are alternately arranged in 
one row by laminating two ribbon-" shaped multi-core 
ribbon-shaped optical fibers vertically^ «rp. pilwayss Rubjeot 
Lu a ver tically bendinq force . This binding force io jnorc liable 
to cause tn© inoreasfi in t.hn 1 n.«;<? nf the opr.ical signals and 
the breakage of the optical fibcrc. 

SUMMARY OF THE INVENTION 

m the present invention according ro a first aspect, 
there is provided a fiber array in which bare fibers, asunjacket, 
of a r-ihhnn-fthaped optical fiber multi-core line are arrayed 
in V-groovcc of a V-^shaped substrate. In this fiber array ^ fibers 

fox traiiiiiul L UixiM iiu c)^Ulocil ijlqnal Are disposed on at least 

tiis out<^rmosr sides nf fhp ^rrsy nf h^^re fibers^ and also 

disposed over at Icaot the entire length of the fiber array. 
T^Rrftfore, no oprical signal is transmitted Lo dL IwdaL Lhe 
outermost side fibers of the ribbon-shaped optical tiJber 



multi-core line having the optical tibers arrayed in the 
V^grooves- As a result, the outerraost optical fibers absorb 
the bending stress or the like to hf=i applied to the remaining 
bdjie fibers • Even i£ the bare fibers on the outcrmoot ssidces 
are broken in rare case^ by the binding forcpi nr t.hfi nice, no 
optical aiyiidl is transmitted. Consequently, the lo3t3 in the 
signals is not increased ancl the bare fibers on th«a innp.r filrie 
aitj uoL broken. Thus, the fiber array is eKCcllcat in a long 
Stability. 

Here, the phrase of "fibers for transmitting no optical 
signal" Tnp.ans the fibers which do not transmit the optical 
siqnals between the two codo, and cover b: the fibers which are 
not connpctRfi wir.h ?i Transmission source or u rtjuelvt^r ul Lhe 
optical oignals; the fibers which are connected but do not 
traii3iulL Uhw oyLicdl signals from the tranjsmisaion source; and 
the fibers which ar© connected and Transmit rhPt npri r.al si gn?5l s 
but which are shielded (a^ will be called the "dunrniy fibcrc") - 
Moreover, the phra.sA Df "ar. least, r.he outermost side" meaua 
the two optical fibers on the individual two sides, which are 
positioned on thp ont-RrmoRt sides of the fiber arrays of the 
normal pitch type and tho half pitch -typ^ ^ in. which multiple 
ribyxs are arrayed in one raw. Moreover, these optical fibers, 
i-e. , th<5 toare fibers, whirh ?irp. arr;=5yRn on thfi ant.€>rmasr, sides 
in the v qroovea of the V-ahapcd oubatratc ovor at least the 
entire length of thft fiber array Brd which do not trdnsnilL Lhe 



optical signals^ are constructeci to include the bare fiber 
pnrti.ons and the jackets. Further, these optical fibers are 
all over at Isast the entire length nf the* fiber array. Where 
Uie iiiul Li-core lines are forty or more or where the V-groove 
pitch is so small as to i nr.rfi?^Rp.r.he bending force, iL Xa yxelerred 
that the four optical fibcra, acs poeitioned by two individually 
on the ourermost two sides of the fiber dridy of the multiple 
cores ^ are made to paaa no aignal. 

ii^specially in fiber array of the halL plLuh type in which 
two multi-core ribbon-shaped optical fibers are alternately 
] ami TiRhfid i n the vertical direction into one row, the bare fibers , 
QD positioned on at least the outermost si dps af the 
ribbon-aliciped optical fibers arranged on the upper layer, arc 
always subject to the vertici=^1 bending force. Therefore, Lhe 
increase in the loss of the optical cignalc: and the breakage 
of the tiber array can be prevRntfid in ridvance by exemplifying 
those bcire fibers by the duimay f ibcro for transsmitting no optical 
signal, in the case of thp fiber array of the half plLuh Lypy^ 
on the other hand, it is preferred that the fibers ^ as positioned 
on at iMst thft outermost sides, of the ribbon-shaped optical 

fiboro of ttic upper and lowear layers ar« c^x^rti^lified hy tKe 

ciummy fibers , At Lhly Ulme, Lo tally at least four optical fibers 
are the dummy fibers . 

In the present invention according to a ccoond acpoct, 
th^re is provided a w^vRgnide device^ in which a fiber cirrciy 



having bare fibers^ as uniacJcet^ ot a ribbon- shapeci optical 
fiber multi-core line arrayed in V-grooves of a V-^shaped 
substrate is optically connected to a wavpignide chip and is 
sealed ill dL ydckage. In this device, fibers for tranomitting 
no optical signal are disposed, on at ieast the outerTROf^t ?;idp.fi 
of Lh^ cdrxety of said bare fibers, and disposed from caid fiber 
array to at least the iMer fan^ o-f the package for fixing the 
jackets. Ev-en in the waveguide device in which the leading 
ends of rhe bare fibers but not the jduXtiL^i ^ire fixed in the 
V-grooves of the fiber array and in which the jacJcets are fixed 
by thft packBge to fix the fiber multi-core liner no optical 
Dignal ic tranemitted to at least the outermost side fibers. 
Thus, the ouLbmioisL opLical fibe^:^ absorb the bending stress 
or the like to be applied to rhe r(=iTn^ii ning bare tibsrs. 
Additionally, even if the bare fibers on the outcrmoet sides 
are broken m rare cases by thn spvp.rf^ vibrations or the like 
of the outside in which the waveguide device Ig placed, no optical 
signal ha^ been tran.sinirred . Therp.fnr<=, the "Iorr of the signals 
is not increased and so that the fiber array is not broken. 
Consequently, the d«=%virp! is Rxnftllp.nt in a long stability. 

Hoirc, the matorial for the duniiny £ik>©rs is not «sp^ci&lly 
limited, if it t^xt^uiylified by quartz for other optical fibers 
or a material having a similar shock resisrann^. Thf=i dnTniny 
fibers can absorb a shock even if they themselves are broken 
but so long as they do not come out, tbereby to rednns Pi riangpr 



that the bending force arrives to break the inner bare fibers. 

DRIBr DESCRirTIQN OF THE DRAWINGS 

Figs, IR, IB dnU IC d.i;e explanatory diaqrams showing a 
ribbon-chapcd optical fiber multi-core line according tn thp 
pTRSp.nt invenLiyii; 

Figs- 2A, 2B and 2C are explanatory diagrams showing a 
fibesr arjLciy; 

Fig. 3 is an explanacory diagram showing a waveguide 
device; and 

Figs. 4A and arp explanatory diagrams showing a 
definition of a core pooition of the fiber array with respect 
to a wavegnide nhip. 

DhiSCKJ-VriON OF THK PREFERRED EMBODIMENT 

An embodixnont of the present invention will be described 

In detail with reference Lo the duwniyciiiylnq drawix^g^. 

Figc . lA to IC show a ribbon -shaped optical tib<&r 
7nnlti-(-ore line for manufacturing a fiber array of the half 
pitch type • Ac chown in Fig . lA, there are prepared two 12-core 
ribbon- shaped optlcdl ribtej.s 1 daU 2, wUich are laid one ovcjt 
the other. As shown in h'ig, janicptsi Is and 2a are then 

remored to form a 24-oorc ribbon-chapcd fiber^ in which the 
upper and lovrer b<iVe ribexs dxe dlLernately arrayed in one row 
in the V-grooves ot a V-sJiaped substrate, ThR^e ?.4-corft 
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ribbon^shaped fibers are prepared by two to form a fiber arrdy 
as a 48-core ribbon-shaped fiber ^ as shown in Figs. 2A to 2C. 
In the multi-core line, at least tbRharft fibers on the outermost 
side In Uhe ax ray di;i:ection and the confcinuouc jacketed fibers 
are then usod as dummy fibers !5 ;^n<i 3 for r ran sinit tiny no opLiudi 
aiyiicLl. Here, in Fiq, ID, the ayrobolo ""^k" appearing in tha shown 
fiber cores are desT gn?it 1 ors for disurixuiudLing the 
iibbon-shaped optical fibero 1 and 2 aad not designations tor 
the transmission direccion. 

Moreover, the dummy fibers 3 and 3 are the bare fibers 
and th© ribbon fiber portion whinh has the fiber array of the 
entire length in the fiber longitudinal direction at least 
berwpf=in p.nd edges 3b ciud 3i^ u£ Lhe fiber array and which is 
clampcdby a jacket housingpiate. As shown in ij'.i g - i r:, however, 
1r Is neediest Lu say that the dummy fibers 3 and 3 may include 
the ribbon fiber portion continuing to th© oursld« nf thR fiber 
array - 

Of Figs. 2A to 2C presenting three side vi pwa of r.he fiber 
array accordinq to the present invention: Fig. 2A is a front 
elevation; Fig. 7tt -i ft a side elevation; and Fig. 2C is a top 
plan. -view- IIcjto, tho multi— cor© line having- forty eight corcm 
is shown to have a reduced number of cores, because its width 
is too large, 

Thvs two ribbon-shaped optical fibers 1 and 2 arc bare 
at their leading end.^^ ^inrs thR b;^re fibers 11 and 21 aree IlLLtia 



in the V-grooves o± a V-Grooved substrate 4 and are adh&red 
and fixed downward by a holding plate 5 » Moreover, the j ackets 
of the rrhbnn-shflped optical fibers 1 and 2 are adhered and 
fixed in the V -ahapcd oubotrato 4 by a jacket housing plate 
£. Furrhexmore, tbft bare fibers 11 and 21, as lacdLed dL Ihe 
position of a xelaxation portion 7a botwoen the V-shaped 
substrate ^ anrJ t.hfi jjgnker. housing plane 6, are covered with 
an adhesive 7 . 

Of theae uujuipu£ieiiLs, Lhe dummy fibers 3 and 3 on the 
outermost sides of the bare iribers 11 and 21 contact at their 
portions, as enclosed by an ellipse B, with the end edges of 
the V-gxoov©s- Thus, they are subject to the displacements of 
Lhts plLches of the jacket portions as a stre53 from the outer 
side. Therefore, no strRss 1s applied r.o r.he hare fibers on 
the inner oidc for t ran crrat ting optical signals. Even if the 
dnTnmy fibers 3 should be broken by a high sLresa, iuoi.«avejL/ 
the whole ctrocc ie not applied to the fibers located just inside 
of the broken daauiiy £ibtii.i> dud n«AL Lhe ouLer side, because 
the bare portions are covered and fiKed by the adhesive 7, As 
a rftsuHt, the stress is dispersed by the adhesive into sraall 

one© so -bhat a possibili-fcy of caufling a pacoblam is -drast ically 
lo'wered. 

>M.O- ? i s ;^ ciR ri pv;5ti on of fi wavegui rie dev1 ce according 
to uhe prcoont invention. 

A waveguide device 20 is prepared by conneuLiny d liber 
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array 8 optically with a waveguide chip y and by sealing tne 
connected ones in a package 10 . In the fiber array B , the leading 
ends of the unjacket bare fibers 1 1. of th^. ri hbon-^flhaped optical 
Ilbfcjx iLiulLi-core line 1 are errayed in the V-groovcs of the 
V-shaped substrate 4 . The paclcage 1 0 i fre>qi]enrly formed into 
ci box shape havinq a cover on its upper face, but its sealing 
means is not limited. 

This fiber array 0, in which the leading ends o£ the 
unjacket t>are tibers II ot the ribijon-shaped optical fiber 
multi-core line 1 are arrayed in the V-grooves of the V-shaped 
suh.5tr;^i-fi A, dofta not use the jacket housing plate 6 for adhering 
and fixing tho jacket 9, unlik© th& shape shown in Figs. 2A to 
2C. luyLedtd, Lhe jacket of the ribbon-shaped optical fiber 
multi-core line 1 is fixed by r.l sniping 1 r. herween nhe box and 
the cover of the packaqe, for exojciplc. 

These dtoirmiy tibers ro bft nc^pfi ran hft ar, 1 easr. as r.he 
outermost ones of the arx^y of the unjacket bare fibers 11 of 
ths ribbon-'Shaped opti r.^l f ibftr mi]! r.i-core line 1, and can have 
a length equal to the fibers used as the inner signal lines. 
HovRVPsr, 1 n nrd^r to ftxh tbi t the effects of the present invention, 

the waveguide dcvico haO -bo bo parovidledl witK tti^ dunuXLy fibers 

from the fiber arrtiy 8 lo cil ItidtiL Lhe inner face 10a of the 
package for fixing the jackets. Even in tne waveguide device 
in which the leading ends of the bare fibers but not the jaokcto 
are fixed in rhe v-grnnvp.js of r.he fiber array and in which the 
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jackets are fiKed by the package to fix the fiber multi-core 
line, therpfr>rft, no optical signal is transmitted to at least 
the outermoat cido fibers* Thus, the outermost optical fibers 
fsrjsorb rhe bending aLry^iiJ vr Lhe like to be applied to the 
remaining baxc fibers. Additionally, even it t^ie toare fibers 
on the outexmuiiL tsides are broken in rare cases by the severe 
vibrations or the like ot the outsicie .i 5^ plpsnfid, no opr.lcal 
sslgnal has been transmitted. Therefore^ the Iocs in the signals 
is not increased and so that the fiber arrciy Id avL biuki^ii. 
Thus the fiber array is excellent in a long stability- 

Moreover, wh^n the fiber array is to be coupled to the 
waveguide chip, fchio coupling work has been conventionally dons 
.«55n zo avoid the delerlorciLluu ul Lhe OijUical siqnals. That 
Id to say, the coupling work has been done with confirming the 
pubition diL which the quantity of liq-ht to transmit through 
the cores, at tha individual end edges ot the fiber array and 
the waveguide chip, IciktiS maAimuiiu For a first port 61^ a final 
port S9 and the >18-coxe ribbon fibors shown in if'ig. 4A, tor 
example^ the ideal positions of the second to forty seventh 
cores are calculated with reference to the first core and the 
Luxly tsli-jliLU core, so thcit the cirror distance io adjuotcd to 
bring the ^^rrual mRSfiureri positions to nhe ideal puaitiaui5- 
llowever, in the prcocnt invention shovTn in Fig, 3, in the case 
where the 40ch device is exemplified by LoLdilly 48-c;iJi« rlbbuii 
fibers having four d\immy fibers on the two sides and totally 
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eight diMnmy fibers, the positional adjustment is not required 
since the 1st to 4th cores and the 45th to 48th cores are dummy 
fibers. On the otb^r hnnd, the ideal positions for the sixth 
core to the forty third core have to be calculated with reference 
to their inner f i ft,h and forr.y fourth cores, and Lhe ddjuaLaieiiL 
has to be made to attain the ideal poaitions?- he a to£5t o£ 
the fiber array^ the fiber posjt inns flrp.Tnp.;^Pinrfirt wi th re.ference 
%^ Lu Lhe fifth core and the forty fourth core- In shorty go ohown 

5"! in Fig. 4B, the necessary operations are only to measure the 

fiber positions with reference to a first port 71 and a final 
p; port 1nr:;3ted on the two ends of the signal fibers having 

^ the dummy fibcro on the two sides, thereby to raise the working 

flj f=f f 1 ri enny . 

y [Exainpla] 

The 48--<Jurfci liber tsLrray, ass shuwii in Figs, lA to IC by 
oitiitting the contral portion, was subjected to an endurance 
Le&L according to the bell core (standards* This test was 
conducted tor one ribbon fiber having fnnr dnmniy fiherSj, 1 .e., 
two fibers on the two outer sides, at a temperature condition 
of -^0 to 85 and for one trial of 1,000 cycles. 

The ar^sult Lb that r\o taroublc occurred, up to the? 

intermediate 500 uycjltiii. al Lhe Limw ul 1,000 uncles, oaly 
the duifnjT.y tifoers at the outermost positions were .broVen. in 
the transmission o£ the optical aignalo, there aroac none of 
t.hp trot3h1ft<3 such as the increase in the Icsa of Lhe upLicdl 
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signals or the breakage of the fiber array. 

In the present invention according to the first aspect, 
dis has been described hcrcinbof ore, th©r© is provided a fib^r 
sirray in wiiich barp. fibers, as urijciokeL, l>£ a xibboxi- shaped 
optical fiber multi core lino are arrayed in V-groovas of a 
V-shaped substr^^t.p. nnmmy fibera are di^spused on at least the 
outermost sides of the array of said bar© fibers, and disposer? 
over at least Che entire leiiyLL of the fiber array, ThereforCr 
no optical signal is transjtiitted to at least the outermost side 
fibers of ths ribbon-shaped optical fibermulti-coreline having 
the optical fibers arrayed in the V-grooves. As ^ r^.^iult^ the 
nur.ermost optlu-^il ribexs absorb the bending strcoo or the like 
to be applied to the r&niainang b^^rp fibers. Even 1£ Uak bcii.e 
ribers on the outeriaoBt oidco arc broken in rare cases by tbe 
iDending fornfi or r.he like, no opLiucil siyudl is transmitted 
so that its loss, ia not Inorcaaod. Coneeqpaently, the bare tibers 
on the inner side are not broken, and th\i^ ih^ device is e^^cellent 
in a long stability - 

Tn the present invention according to the second aspect, 
moreover, there is provided a waveguide device, in whi nh a f i hp.r 
array Uavluy uAioladbare f iber;5 of a jribbon shaped optical fiber 
multi -core line arrayed in V-groovp.s of a V-shaped subaLrciLe 
is optically connected to a waveguide chip and is sealed in 
a package. Ui-Uainy fibers for transmitting no opLiudl i>iyactl 
are disposed on at Icaot the outermost sides of the array ot 



said bare fibers, and disposed from said fiber array to at least 
the innsr face nf the package for fixing the jackets. Even 
in the waveguide device in which the leading ends of the hsrR 
fibers hnt nor. r.he jackeUy di-e IlAed ia the V-grooves of the 
fiber array and in which the jackets are ilseci by the package 
to t±x the fibcrir mi]! t1 -care line, ao optical signal is 
transmitted to at leaot the outcrtnoet side fibers, As a result, 
the oiiLermost optical fibera abbuxb Lhe bending stress or the 
like to be applied to the remaining bare tibers. Moreover, 
evRn 1 f the bare fibers on the outermost sides are broken in 
rare eafscs by the sQvere vibrations or the I.l kp of the outside 
In which the wavyyuide device is placed^ no optical oxgn.u.1 is 
transatiitted. As a result, the loss in the signals is not 
increased and so that the bore fibers arc not broken. Thus, 
the devir.P. is excellent in a luuy aLability* 



